Nitrate reductase was found in leaves of apricot Prunus armeniaca, sour cherry P. cerasus, sweet cherry P. avium, and plum P. domestica, but not in peach P. persica, from Grasmanis and Nicholas (8) extracted an active nitrate reductase from apple roots, but they were unable to determine its physiological electron donor. Then Klepper and Hageman (11), employing insoluble PVPW in the extraction medium, obtained a typical NADH-dependent nitrate reductase from apple roots. Adding excess nitrate ions to the root medium of apple seedlings, they also found nitrate ions and both nitrite and nitrate reductases in the leaves; the enzyme was readily induced by immersing excised leaves in 0.1 M KNO3. Trace amounts of nitrate and nitrate reductase were found in leaves of mature apple trees receiving low annual amounts of nitrogen.
Grasmanis and Nicholas (8) extracted an active nitrate reductase from apple roots, but they were unable to determine its physiological electron donor. Then Klepper and Hageman (11) , employing insoluble PVPW in the extraction medium, obtained a typical NADH-dependent nitrate reductase from apple roots. Adding excess nitrate ions to the root medium of apple seedlings, they also found nitrate ions and both nitrite and nitrate reductases in the leaves; the enzyme was readily induced by immersing excised leaves in 0.1 M KNO3. Trace amounts of nitrate and nitrate reductase were found in leaves of mature apple trees receiving low annual amounts of nitrogen.
The situation in other plant species which normally reduce nitrate in their roots appears to be similar to that found in apple trees. Wallace and Pate (19) found that in the field pea all nitrate was metabolized in the roots and only reduced nitrogen was found in exuded sap, provided the supply of nitrate to the roots was normal. However, when plants were supplied with nitrate levels higher than 10 mg/ml, nitrate was transported to the shoot and nitrate reductase was induced. The present study was undertaken to determine if nitrate reductase would be induced in leaves of Prunus species when supplied with nitrate ions.
Recent commercial attempts to supply part of the nitrogen requirement of stone fruit trees as nitrate foliar sprays (3) has raised questions regarding nitrate metabolism by the leaves of Prunus species. In deciduous fruit trees, the site of nitrate reduction classically is regarded to be the fine roots (14) . Early evidence (5, 18) indicated that in apple trees reduction of nitrate and synthesis of amino acids took place mainly in the roots; however, nitrate ions were translocated, unreduced, to the buds during bud burst or to the leaves when excess nitrate was applied to the roots. The literature does not exclude reduction in the leaf in special circumstances. Eckerson (5) reported nitrate reductase activity in apple tree roots, buds, and leaves. However, as Beevers and Hageman (2) have pointed out, nonenzymatic conversion of nitrate to nitrite may have been responsible, because even boiled plant extracts effected the conversion.
More recently Bollard (4) failed to find nitrate in tracheal sap extracted from one-year-old shoots of mature stone and pome fruit trees. The absence of nitrate in apple and peach scion tissues has been confirmed in mature trees (17) . ' 
MATERIALS AND METHODS
Nitrate reductase enzyme was induced and studied in the leaves of young stone fruit trees growing in sand culture and in excised leaves from mature trees.
Sand Culture of Young Trees and Oats. Apple (Malus sylvestris Mil. cv. "Jonathan"), apricot (Prunus armeniaca L. cv. "Goldcot"), sour cherry (Prunus cerasus L. cv. "Montmorency"), sweet cherry (Prunus avium L. cv. "Hiedelfinger"), peach (Prunus persica L. Batsch. cv. "Glohaven"), and plum (Prunus domestica L. cv. "Stanley") trees, all two years old except the apricot trees which were one year old, were grown in calcined clay ("Turface", Wyandotte Chemical Corp., Wyandotte, Mich.). They were maintained in moderate vigor and low nitrogen status with a modified Long Ashton solution Oat (Avena sativa L. cv. "Gary") plants were grown in the same greenhouse as the trees to provide a readily available and highly active source of nitrate reductase. The oats were seeded 'Abbreviation: PVP: polyvinylpyrrolidone. (15) , as modified by Klepper and Hageman (11) , was employed when using FMNH2 as the electron donor. Nitrate was assayed using the procedure of Lowe and Hamilton (13) . Soluble protein was determined by the biuret method (7) 1 Means in each row followed by unlike letters differ significantly (P < 0.01). enzyme activity in peach leaves and, to some extent, the lower activities of the other Prunus species compared to apricot, is ascribed to denaturation of the enzyme during extraction. This conclusion is based on the observation that peach leaf nitrate levels declined when shoots were transferred from nitrate to nitrate-free solutions. Direct evidence for this was obtained by extracting nitrate reductase from oat tissue alone or in combination with leaf tissue from each of the fruit species. A substance in peach tissue severely interferes with enzyme recovery from oat tissue (Table II) ; both sweet and sour cherry do so to a great extent while apricot, plum, and apple tissues do not. In fact, recovery of nitrate reductase from oat tissue in the presence of apricot tissue was completely additive with either FMNH2 or NADH as electron donor (Table III) . The enzyme from other sources exhibits the dual donor characteristic (2). The activity with FMNH, as donor never exceeded 40% of that observed with NADH, which is similar to that found for apple leaves (1 1) .
Difficulty in extracting an active enzyme from Prunus species is ascribed to interference from phenolic compounds. Including hydrated insoluble PVP in the extracting medium was essential to obtain optimal activity from apricot leaves, more so for older leaves, at the same time it partially purified the enzyme (Fig. 1) . The PVP also improved the enzyme recovery from oat leaves, although the data are not shown. The increase in specific activity is explained partly by enzyme protection and partly by soluble protein removal as PVP was increased. Soluble protein in apricot leaf extracts was reduced two-fold by increasing PVP to the 20-g level, while specific activity was increased more than 3-fold. The specific activity of the oat enzyme paralleled total activity, although protein was not reduced appreciably until 20 g of PVP was added. PVP was not completely effective in circumventing enzyme inactivation in cherry and peach tissue, although the browning reaction, yielding high molecular weight tannins as final product, commonly observed during phenol oxidation (1) was effectively inhibited. The early product of phenol oxidation, low molecular weight tannins, not removed by PVP treatment but removable by gel filtration may be responsible (12) . Including up to 10 mM mercaptobenzothiazole, dithiothreitol, or cysteine, inhibitors of o-diphenoloxidase activity (1), did not improve enzyme recovery.
Leaf nitrate reductase activity was negatively correlated with apricot leaf nitrate concentration (Fig. 2) (Table IV) . In a similar experiment with apple trees, leaf nitrate concentration was increased without increasing nitrate reductase activity. The relatively high enzyme activity levels found in both species, in the absence of applied nitrate, is noteworthy and may be explained by microbial oxidation of NH4+ in the unsterile root medium. Similar enzyme activity levels were found in field-grown apricot leaves in this study and in apple leaves by Klepper and Hageman (11) . Trace amounts of nitrate in the root medium may be transported to the leaves to maintain nitrate reductase activity. Apparently, apricot responds to supplemental nitrate by synthesizing sufficient enzyme to prohibit excess leaf nitrate accumulation. whereas apple is less capable of this and nitrate accumulates.
In substrate concentration studies, apricot leaves attained maximum enzyme activity at a nitrate concentration of 10 mM (Fig. 3) . Apple leaves gave similar results (not shown). However, the enzyme activity ultimately attained in the apricot leaves was three times that attained in the apple leaves.
In time-course studies with petiole feeding, apricot leaf enzyme activity increased 5-fold to a maximum after 6 hr (Fig.  4) with no lag period. The absence of a lag period was also observed in the study by Klepper and Hageman (11) and is explained by the relatively high initial activity. Cultured tobacco cells exhibit a 6-hr lag period (6) prior to enzyme synthesis, but this tissue apparently lacks either or both a nitrate permease system for uptake or nitrate reductase in the absence of nitrate in the medium.
The occurrence of nitrate reductase in apricot, sour cherry.
sweet cherry, and plum leaves indicates that leaves of Priunits species can metabolize nitrate ions, which they obviously do when nitrate is supplied through the roots. These species should be able to utilize nitrate foliar sprays; apparently, they do not because of poor cuticular penetration (3).
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